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Description
FIELD OF THE APPLICATION

[0001] The application relates to heat exchanger
tubes, particularly to heat exchanger tubes for hot water
heaters.

BACKGROUND

[0002] Heatexchangertubes are used for heattransfer
from a first fluid or gas to a second fluid or gas. Use of
heat exchanger tubes allows the first gas or fluid to be
isolated from the second gas or fluid. For example, a gas
fired hot water heater typically passes heated gas from
a gas fired burned through heat exchanger tubes to heat
water passed over the outside of the tubes. The heat
exchanger tubes are typically fixed in a pattern by a tube
sheet with a pattern of holes, each of the holes accepting
one end of each of the heat exchanger tubes. Document
WO 2014/099250 A1 discloses a heat exchanger tube
ofthe state of the art according to the preamble of claim 1.
[0003] Document EP 2 226 602 A1 discloses a heat
exchanger tube of the state of the art comprising bosses.

SUMMARY

[0004] The present invention relates to a heat ex-
changer tube according to claim 1.

[0005] In one embodiment, the different cross-section
includes a circular cross-section.

[0006] In another embodiment, the heat exchanger
tube further includes a transition portion between the C-
shape cross-section of the central tube portion and the
circular cross-section.

[0007] In yet another embodiment, the series of peri-
odic boss patterns create a plurality of microchannels
which cause a laminar flow.

[0008] Inyetanother embodiment, the heat exchanger
tube is a hot water heater heat exchanger tube.

[0009] According to another aspect, a heat exchanger
tube assembly includes a pair of tube sheets. A plurality
of C-shaped heat exchanger tubes is disposed between
the pair of tube sheets. Each C-shaped heat exchanger
tube includes a central tube portion having a C-shape
cross-section, and a pair of tube ends including the C-
shape cross-section or a different cross-section. Each
tube end of each tube is mechanically coupled to a tube
sheet.

[0010] In one embodiment, the pair of tube sheets in-
clude a plurality of circular holes to accept and mechan-
ically couple to a round tube end cross section.

[0011] In another embodiment, the pair of tube sheets
include a plurality of C-shaped openings to accept and
mechanically couple to a C-shaped tube end cross sec-
tion.

[0012] In yet another embodiment, the pair of tube
sheets include a plurality of openings to accept and me-
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chanically couple to a tube end cross section in a tube
end pass-through configuration.

[0013] In yet another embodiment, the pair of tube
sheets include a C-shaped opening nested pattern
wherein at least one end of the C-shaped openings is
nested into a concave part of another C-shaped opening.
[0014] Inyetanother embodiment, the heat exchanger
tube assembly is a hot water heater heat exchanger tube
assembly.

[0015] The present invention also relates to a method
for manufacturing a C-shape heat exchanger tube ac-
cording to claim 9.

[0016] Inone embodiment, the step of striking includes
striking the cylindrical shaped tube on one side to pro-
duce the C-shaped heat exchanger tube for a heat hot
water heater.

[0017] In another embodiment, the step of striking in-
cludes striking the cylindrical shaped tube on one side
to produce the C-shaped heat exchanger tube with a pe-
riodic boss pattern.

[0018] In yet another embodiment, the step of striking
includes striking the cylindrical shaped tube on one side
to produce the C-shaped heat exchanger tube with a pe-
riodic boss pattern of alternating side pinches and middle
pinches.

[0019] The foregoing and other aspects, features, and
advantages of the application will become more apparent
from the following description and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The features of the application can be better
understood with reference to the drawings described be-
low, and the claims. The drawings are not necessarily to
scale, emphasis instead generally being placed upon il-
lustrating the principles described herein. In the draw-
ings, like numerals are used to indicate like parts through-
out the various views.

FIG. 1 shows a drawing of a plurality of C-shaped
heat exchanger tubes according to the Application;
FIG. 2 shows a closeup view of the heat exchanger
assembly of FIG. 1;

FIG. 3Ais a drawing showing an exemplary periodic
section of a C-shaped heat exchanger tube with
cross-sections D-D to F-F;

FIG. 3B is a drawing showing a F-F cross-section of
the left side of the periodic section of FIG. 3A;

FIG. 3C is a drawing showing a D-D cross-section
of the left side of the periodic section of FIG. 3A;
FIG. 3D is a drawing which shows another C-shaped
cross-section F-F;

FIG. 4 is a drawing which shows a perspective
lengthwise view of a portion of a an exemplary C-
shaped heat exchanger tube with a periodic boss
pattern;

FIG. 5is adisplay from a computer simulation show-
ing a gas flow through the boss patterns of a C-
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shaped heat exchanger tube;

FIG. 6 is a drawing showing detail of an exemplary
transition section from a circular cross-section at a
C-shaped heat exchanger tube end to the periodic
sections of FIG. 3A and FIG. 4;

FIG. 7A shows a drawing of a perspective view of a
tube sheet with nested C-shaped ends;

FIG. 7B shows two different C-shaped heatexchang-
er tubes nested into another C-shaped heat ex-
changer tube; and

FIG. 8A is a drawing showing an exemplary boss
patterned C-shaped heat exchanger tube cross-sec-
tion A-A;

FIG. 8B is a drawing showing an exemplary boss
patterned C-shaped heat exchanger tube cross-sec-
tion B-B;

FIG. 8C is a drawing showing an exemplary boss
patterned C-shaped heat exchanger tube cross-sec-
tion C-C;

FIG. 8D is a drawing showing an exemplary boss
patterned C-shaped heat exchanger tube cross-sec-
tion D-D;

FIG. 8E is a drawing showing an exemplary boss
patterned C-shaped heat exchanger tube cross-sec-
tion E-E;

FIG. 8F is a drawing showing an exemplary boss
patterned C-shaped heat exchanger tube cross-sec-
tion F-F;

FIG. 8G is a drawing showing exemplary periodic
sections of a C-shaped heat exchanger tube end in
detail;

FIG. 9A is a drawing showing a section view of an
exemplary heat exchanger with C-shaped heat ex-
changer tubes; and

FIG. 9B is a drawing showing a section view of an-
other exemplary heat exchanger with C-shaped heat
exchanger tubes.

DETAILED DESCRIPTION

[0021] As described hereinabove, heat exchanger
tubes are used for heat transfer from a first fluid or gas
to a second fluid or gas. Use of heat exchanger tubes
allows the first gas or fluid to be isolated from the second
gas or fluid. For example, a gas fired hot water heater
typically passes heated gas from a gas fired burned
through heat exchanger tubes to heat water passed over
the outside of the tubes. The heat exchanger tubes are
typically fixed in a pattern by a tube sheet with a pattern
of holes, each of the holes accepting one end of each of
the heat exchanger tubes.

[0022] Heat exchangers can be made with bundles of
unformed cut lengths of raw stock cylindrical tubes. En-
hanced heat exchanger tubes can be further formed,
such as by any suitable metal forming process, to cause
the flow of the gas or fluid within each tube to be modified
so as to improve the heat transfer across the tube wall
between the first fluid or gas and a second fluid or gas.
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[0023] Typically, in a gas fired water heater, the heated
gas is passed within and through each of the heat ex-
changer tubes to heat water which passes around the
outside of each of the heat exchanger tubes as it passes
through a heat exchanger assembly canister. Alterna-
tively, the water can also be passed through the tubes,
where the heated gas is passed outside of the tubes in
a heat exchanger canister. Also, for the new structures
and process described in this Application, it is unimpor-
tant if the first gas or fluid is flowing in the same direction
or an opposite direction from the second gas or fluid
(counter flow). Those skilled in the art will recognize such
structures as a shell-and-tube type heat exchanger.
Shell-and-tube heat exchangers can be used for counter
flow applications.

[0024] One problem of heat exchanger tubes is related
to manufacturing the tubes. There is a need for a material
and process to improve the efficiency of manufacture as
well as to lower the cost of manufacturing heat exchanger
tubes. Another problem is that, especially depending or
composition and temperature, potable water can be high-
ly corrosive.

[0025] As noted hereinabove, raw stock cylindrical
tubes can be further formed, such as, for example, with
dimples or shapes to convert the cylindrical tube into an
"enhanced tube" with improved heat transfer character-
istics. Cylindrical heat exchanger tubes are typically
formed or pressed ontwo, three, or four sides. Each press
requires another strike of a forming tool. While very hard
steel is advantageous for both heat transfer properties
as well as for the most robust long lasting heat transfer
tubes, such very hard steel materials have proven to be
too hard to practically work for the formation of multiple
strike enhanced features with conventional production
tooling. Therefore, there is a need for an efficient produc-
tion method for the manufacture of enhanced heat trans-
fer tubes from stock cylindrical sections of relatively hard
steel materials.

[0026] Another problem is to limit deformation of the
heat exchanger tube during manufacture so that metal
forming of a stock tube does no cause the formed heat
exchanger tube to have a diameter larger than the raw
stock tube from which it was formed. For example, in
formed heat exchanger tubes of the prior art, such as
dimpled heat exchanger tubes, especially those formed
by multiple strikes, typically some parts of the formed
tubes have a maximum radius in non-round circumfer-
ential places along the length of the tube (in cross section,
post formed) which exceeds the original diameter of the
raw stock tube cylindrical end face cross section diame-
ter.

[0027] There is also a need for heat exchanger tubes
which can be stacked or nested, such as by tube sheet
patterns, in an efficient manner where there can be more
dense heat exchangers with more heat exchanger tubes
per unit area of a tube sheet.

[0028] It was realized that long sought after hardened
enhanced heat transfer tubes can be manufactured with



5 EP 3 653 981 B1 6

relatively complex boss (emboss) patterns from relatively
hard steel alloys by use of a single strike, single die meth-
od. Exemplary hard steel alloys include LDX 2205 and
LDX 2101 steel. Exemplary hard steel materials LDX
2205 and LDX 2101 are available from Outokumpu com-
pany, of Helsinki, Finland. Allegheny Ludlum of Vander-
grift, PA is another supplier. Suitable types of tube stock
including LDX tube stock, are well-known and commer-
cially available from other sources, as is particularly the
case for the more common 2205 types. Alternately, any
suitable raw material can be obtained and processed to
the desired high strength type steel alloy.

[0029] Moreover, itwasrealized thatwere the relatively
complex boss patterns are formed into a C-shaped en-
hanced heat transfer tube, the post boss radius can be
contained by the die during single strike metal forming,
so as to substantially not exceed the radius of the pre-
formed cylindrical blank sections.

[0030] As described hereinabove, depending or com-
position and temperature, potable water can be highly
corrosive. It was also realized that by use of relatively
hard steel alloys, the corrosion-resistance and strength
of both the heat exchanger tubes can be significantly
improved for an assembled heat exchanger assembly
(typically a pressurized vessel) which is more robust in
strength and resistance to corrosion.

[0031] Also, by creating a patterned boss structure
along the C-shaped heat exchanger tube, a more efficient
heat transfer can be achieved. It was realized that such
boss patterns can be made quickly and efficiently by a
single strike die manufacturing method. Also, in contrast
with the more complicated multiple side strike enhanced
heatexchangertubes of the prior art, the maximumradius
of the formed tube can be more easily constrained to
about the same radius of the pre-formed stock cylindrical
tube.

[0032] The new C-shaped heat exchanger tube ac-
cording to the Application, can be manufactured relatively
quickly and easy as compared to enhanced heat ex-
changer tubes of the prior art. Because of the application
of the single strike and die method of the Application,
enhanced C-shaped heat exchanger tubes can now be
formed from tube stock made from very hard metals. The
diameter of the tube after forming substantially does not
exceed the original diameter of the tube, which makes
for easier and faster assembly of C-shaped heat ex-
changer tubes into tube sheets and a canister of a heat
exchanger assembly. Forexample, typically each formed
tube end passes through each hole of the tube sheet.
Such pass-through construction has substantial benefits
as more efficient for both of ease of assembly and post-
assembled interlocked tube and tube sheet, providing an
improved reliability and strength of the mechanical cou-
pling.

[0033] Also, the relatively compact size of the C-
shaped heat exchanger tubes allows for denser heat ex-
changer designs, which will reduce cost and result in
smaller overall products. Further, as described in more
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detail herein below, in some embodiments, the tube
shape cross section at each end can also be C-shaped
to allow for the nesting of tubes which could potentially
double the tube density.

[0034] FIG. 1 shows a drawing of a plurality of C-
shaped heat exchanger tubes 100 according to the Ap-
plication assembled into tube sheets 120 for a heat ex-
changer assembly 110 (heat exchanger canister not
shown in FIG. 1). The boss patterns of the new C-shaped
heat exchanger tubes 100 visible in FIG. 1, are described
in more detail hereinbelow. Those skilled in the art will
appreciate that "C-shaped" includes any about C-shaped
structure. One indication of a suitable C-shape is that a
round or tubular tube stock can be struck from only one
side to form the shape by a single embossing operation
that pushes in on one side of the tube stock. Also, as
described in more detail hereinbelow, periodic sections
of a C-shaped heat exchanger tube according to the Ap-
plication can include, for example, straight lines, V sec-
tions, and curves within the about C-shape along the long
longitudinal axis of the formed or embossed tube.
[0035] FIG. 2 shows a closeup view of the heat ex-
changer assembly 110 of FIG. 1. In this exemplary em-
bodiment, the ends of each tube are cylindrical and fit
into each corresponding circular hole of the tube sheet
120.

[0036] C-shaped heat exchanger tubes with alternat-
ing flow patterns: C-shaped heat exchanger tubes, such
as the exemplary C-shaped heat exchanger tubes of FIG.
1 and FIG. 2, can include a series of periodic features,
such as pinched areas made by strike or press emboss-
ing. FIG. 3A shows a periodic section of the boss patterns
of the new C-shaped heat exchanger tubes 100. The
various shapes of the cross-sections of the C-shaped
heat exchanger tubes with alternating flow patterns are
labeled for convenience by letters, such as for example,
"D-D" and "F-F". As is now described in more detail, FIG.
3A shows a periodic section of cross-sections D-D to F-
F. FIG. 3B is a drawing showing a F-F cross-section of
the left side of the periodic section of FIG. 3A. FIG. 3C
is a drawing showing a D-D cross-section of the left side
of the periodic section of FIG. 3A.

[0037] When describing the oscillating flow patterns of
the periodic sections of the new C-shaped heat exchang-
er tubes 100, reference is made to the "sides" and to the
"middle" of the generally C-shaped cross-sections. FIG.
3D is a drawing which shows another C-shaped cross-
section F-F 390 labeled to show the interior side flow
areas 393, and the middle flow areas 395. There is not
so much a clear delineation between the interior side flow
areas 393 and the middle flow areas 395 as much as an
alternating flow between the side flow areas 393 and the
middle flow areas 395 as gas or fluid flows through each
of the periodic sections (FIG. 3A) of the new C-shaped
heat exchanger tubes 100.

[0038] FIG. 4 is a drawing which shows a perspective
lengthwise view of a portion of a an exemplary C-shaped
heat exchanger tube 100 with a periodic boss pattern.
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The gas or fluid flowing within the tube, e.g. from the
bottom of the page to the top of the page (direction of
flow is unimportant), is restricted by the side boss 153
(i.e. pinched) and the flow is forced towards the middle.
Then at boss 163, the gas or fluid flowing within the tube
is restricted in the middle and forced to flow more in the
less restricted side portions 151. Again, at the side boss
153, the gas or fluid flowing within the tube is forced by
the side boss 153 into the less restricted middle sections
161. Another benefit of such flow through the new peri-
odic boss pattern is a significant improvement in heat
transfer without significantly increasing pressure drop.
[0039] FIG. 5is a display from a computer simulation
showing a gas flow through the boss patterns of a C-
shaped heat exchanger tube 100 as was described with
respect to FIG. 3A and FIG. 4. SOLIDWORKS Flow Sim-
ulation was used to create the simulation of FIG. 5. The
SOLIDWORKS Flow Simulation program is available
from Dassault Systémes of Waltham, MA. Fluid flow
through each of the C-shaped tubes can be seen to lam-
inarize in certain regions of the tube. To our best current
understanding, as supported by the simulations, we be-
lieve that "microchannels", areas defined as having a hy-
draulic diameter as <1mm, have been formed, that result
in a laminar flow with high heat transfer.

[0040] In the embodiment of FIG. 1 and FIG. 2, each
C-shaped heat exchanger tube 100 terminates into a cor-
responding hole in a tube sheet 120 on either end of the
tube, with a circular cross-section. FIG. 6 is a drawing
showing more detail of one exemplary transition section
173 from the circular cross-section at the tube end to the
periodic sections of FIG. 3A and FIG. 4. In other embod-
iments there can be any suitable shape where each of
the tubes terminates into a tube sheet. Moreover, there
can be any combination of suitable shapes.

[0041] C-shapedends, C-shaped holesintube sheets:
In another embodiment, it was realized that if the ends
were cut or formed into C-shapes, a denser nested
mounting technique can be used at the tube sheets. FIG.
7A shows a drawing of a perspective view of a tube sheet
mock-up of nested C-shaped ends. There is no signifi-
cance to the square shape of the tube sheet portion
shown in the mock-up tube sheet 721. Typically tube
sheets are round so as to fit in cylindrical shaped heat
exchanger canisters. However, any suitable square, rec-
tangular, round, elliptical, polygonal, etc. shaped tube
sheet can be used in any suitable shaped heat exchanger
canister, with any combination thereof. In the exemplary
embodiment of FIG. 7A, what is different is that instead
of the C-shaped heat exchanger tubes 100 end face cir-
cular cross section (e.g. FIG. 6, tube end 171), the tube
ends now have a C-shaped cross-section 751. As shown
in FIG. 7A, the C-shapes can be nested, such as where
the tops and bottoms of the C-shapes of tube ends, nest
within concave parts of other tube ends.

[0042] FIG. 7B shows how two different C-shaped heat
exchanger tubes can be nested into another C-shaped
heat exchanger tube. One C-shape tube end "a" of a first
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tube and one C-shaped tube end "b" of a second tube
can both fit within a concave opening of the C-shape of
a third tube. In a cross-section view (e.g. in a tube sheet
plane), two C-shape tube ends of two different tubes can
fitinto the C-shape concave opening of yet another tube.
In a circular tube pattern (e.g. C-shape tube ends distrib-
uted in about circular patterns in the plane of a tube
sheet), each C-shape concave opening can be filled with
two C-shape tube ends. In other tube sheet patterns,
there can be any suitable number of C-shape concave
openings left open, or with only one C-shape tube end
disposed within. Any suitable arrangement of two C-
shape tube ends of two different tubes in the C-shape
concave opening of yet another tube, one C-shape tube
end of a different tube in the C-shape concave opening
of another tube, an empty C-shape concave opening,
and/or any combination thereof can be used.

[0043] In the exemplary mock-up installation of FIG.
7A, the C-shaped holes 725 are defined by walls 723 cut
into the tube sheet 721. Here, the end face of each of
the corresponding C-shaped heat exchanger tubes 100
has a corresponding C-shaped cross-section 751. While
the C-shaped cross-section 751 can be achieved by cut-
ting a tube of the type used in FIG. 1, at the appropriate
lengthwise position of such a C-shape (as was done for
R&D purposes), more practically, a different die can be
used so that the desired tube is achieved by the single
strike method with a so patterned die in one step.
[0044] It can now be better appreciated that a heat-
exchanger tube has been realized with a generally C-
shaped cross-section along the length, where the initially
round cross-section (pre-strike, raw stock) is only indent-
ed from one side. Also, it was realized that a bundle of
tubes with C-shaped end face cross-sections (e.g. fire
tubes for a gas fired water heater) can be meshed for a
more compact bundle, in comparison to round cross-sec-
tion. The bundle of tubes with C-shaped end face cross-
sections can extend into corresponding C-shaped holes
of tube sheets to form a heat exchanger insert. The heat
exchanger insert can be installed into any suitable heat
exchanger canister.

[0045] EXAMPLE -FIG. 8A - FIG. 8G shows drawings
of an exemplary C-shaped heat exchanger tube with
round end face cross-sections similar to the C-shaped
heat exchanger tubes 100 of FIG. 1.

[0046] FIG. 8G is a drawing showing exemplary peri-
odic sections of a C-shaped heat exchanger tube end in
detail. The exemplary C-shaped heat exchanger tube of
FIG. 8G includes about circular tube ends which transi-
tion on either side to a C-shaped periodic boss pattern
of alternating side boss pinches and middle boss pinch-
es. The small open rectangular area in the middle of FIG.
8G is understood to designate that any suitable length
of a C-shaped heat exchanger tube can be used. FIG.
8A is a drawing showing a cross-section A-A. FIG. 8B is
a drawing showing a cross-section B-B. FIG. 8C is a
drawing showing a cross-section C-C. The cross-sec-
tions of FIG. 8A - FIG. 8C are exemplary of transition
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sections from cylindrical end faces to the periodic sec-
tions of the C-shaped heat exchanger tubes which cause
the alternating flow pattern (similar to the transition sec-
tion shown in FIG. 6).

[0047] FIG. 8D is a drawing showing a cross-section
D-D. FIG. 8E is a drawing showing a cross-section E-E.
FIG. 8F is a drawing showing a cross-section F-F. The
cross-sections of FIG. 8D - FIG. 8F show exemplary pe-
riodic sections of the C-shaped heat exchanger tubes.
[0048] Suitable tube stock - Any suitable tube which
can be formed into a C-shape tube for a heat exchanger
can be used. Typically, such tubes are formed from cy-
lindrical stock steel tubes. Any suitable wall thickness
can be used. Typically, stock cylindrical wall thicknesses
(prior to forming) range from about 0.635mm (0.025 inch-
es)toabout1.905 mm (0.075 inches). As described here-
inabove, the new shapes and methods are particularly
suited for use with relatively hard steel stock tubes, such
as, for example, LDX 2205 and LDX 2101. The typical
range of desirable tube stock steel harness is from about
260 to 290 (HB).

[0049] In summary, a heat exchanger tube 100 in-
cludes a central tube portion (e.g. FIG. 3A, FIG. 4) having
a C-shape cross-section (e.g. the exemplary C-shaped
heat exchanger tube of FIG. 1). A pair of tube ends in-
cludes the C-shape cross-section (e.g. FIG. 6, FIG. 8G)
or a different cross-section (e.g. the C-shaped ends of
FIG. 7A). The heat exchanger tube can include a transi-
tion portion (e.g. FIG. 6, FIG. 8G, FIG. 8A, FIG. 8B, FIG.
8C) between the C-shape cross-section of the central
tube portion and the circular cross-section.

[0050] Exemplary heat exchangers: As described
hereinabove, a plurality of heat exchanger tubes such as
mounted in tube sheets, provide a heat exchanger tube
assembly. Typically, the heat exchanger tube assembly
is mounted within a heat exchanger body, such as a heat
exchanger canister. FIG. 9A is a drawing showing a sec-
tion view of an exemplary heat exchanger having a heat
exchanger tube assembly with the new C-shaped heat
exchanger tubes of the Application. FIG. 9B is a drawing
showing a section view of another exemplary heat ex-
changer having a heat exchanger tube assembly with
the new C-shaped heat exchanger tubes of the Applica-
tion. In both cases, the hot water exits the heat exchanger
at the top of the heat exchanger canister.

[0051] Data and simulations described hereinabove
can be supplied on a computer readable non-transitory
storage medium. A computer readable non-transitory
storage medium as non-transitory data storage includes
any data stored on any suitable media in a non-fleeting
manner. Such data storage includes any suitable com-
puterreadable non-transitory storage medium, including,
but not limited to hard drives, non-volatile RAM, SSD
devices, CDs, DVDs, etc.

[0052] It will be appreciated that variants of the above-
disclosed and other features and functions, or alterna-
tives thereof, may be combined into many other different
systems or applications. Various presently unforeseen
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or unanticipated alternatives, modifications, variations,
or improvements therein may be subsequently made by
those skilled in the art which are also intended to be en-
compassed by the following claims.

Claims
1. A heat exchanger tube (100) comprising:

a central tube portion having a C-shape cross-
section (390); and

a pair of tube ends (171) comprising said C-
shape cross-section (390) or a different cross-
section;

characterised in that said central tube portion
comprises a series of periodic boss patterns,
wherein said series of periodic boss patterns
comprise an alternating series of side boss
pinching (153) and middle boss pinching (163)
and cause an alternating flow pattern of a gas
orfluid flowing through said heat exchanger tube
(100) alternately between both sides and a mid-
dle of said C-shape cross-section (390).

2. The heat exchanger tube of claim 1, wherein said
different cross-section comprises a circular cross-
section.

3. Theheatexchangertube of claim 2, further compris-
ing a transition portion (173) between said C-shape
cross-section (390) of said central tube portion and
said circular cross-section.

4. The heat exchanger tube of any one of claims 1 to
3, wherein said series of periodic boss patterns cre-
ate a plurality of microchannels which cause a lam-
inar flow.

5. The heat exchanger tube of any one of claims 1 to
4, wherein said heat exchanger tube (100) compris-
es a hot water heater heat exchanger tube.

6. A heat exchanger tube assembly (110) comprising:

a pair of tube sheets (120); and

a plurality of the heat exchanger tube (100) of
any one of claims 1 to 5 disposed between said
pair of tube sheets (120);

wherein each tube end of each tube mechani-
cally coupled to a tube sheet (120).

7. The heat exchanger tube assembly of claim 6,
wherein said pair of tube sheets comprise one of:

(i) a plurality of circular holes to accept and me-
chanically couple to a round tube end cross sec-
tion;
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(i) a plurality of C-shaped openings to accept
and mechanically couple to a C-shaped tube
end cross section;

(iii) a plurality of openings to accept and me-
chanically couple to a tube end cross section in
a tube end pass-through configuration; or

(iv) a C-shaped opening nested pattern wherein
at least one end of said C-shaped openings is
nested into a concave part of another C-shaped
opening.

The heat exchanger tube assembly of claim 6,
wherein said heat exchanger tube assembly (110)
comprises a hot water heater heat exchanger tube
assembly.

A method for manufacturing a C-shape heat ex-
changer tube (100) according to any one of claims
1 to 8, the method comprising:

providing a cylindrical shaped tube;

placing said cylindrical shaped tube into a die;
and

striking said cylindrical shaped tube on only one
side to produce said C-shaped heat exchanger
tube (100).

The method of claim 9, wherein said step of striking
comprises striking said cylindrical shaped tube on
one side to produce said C-shaped heat exchanger
tube (100) for a hot water heater.

Patentanspriiche

1.

2,

Warmetauscherrohr (100), das Folgendes umfasst:

einen mittleren Rohrabschnitt, der einen C-for-
migen Querschnitt (390) aufweist; und

ein Paar von Rohrenden (171), die den C-férmi-
gen Querschnitt (390) oder einen anderen Quer-
schnitt umfassen;

dadurch gekennzeichnet, dass der mittlere
Rohrabschnitt eine Abfolge von periodischen
Wolbungsmustern umfasst, wobei die Abfolge
von periodischen Wolbungsmustern eine alter-
nierende Abfolge von seitlichen Woélbungsquet-
schungen (153) und mittleren Woélbungsquet-
schungen (163) umfasst und ein alternierendes
Stromungsmuster eines Gases oder Fluids, das
durch das Warmetauscherrohr (100) strémt, al-
ternierend zwischen beiden Seiten und einer
Mitte des C-férmigen Querschnitts (390) be-
wirkt.

Warmetauscherrohr nach Anspruch 1, wobeider an-
dere Querschnitt einen kreisférmigen Querschnitt
umfasst.
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3.

7.

Warmetauscherrohr nach Anspruch 2, das ferner ei-
nen Ubergangsabschnitt (173) zwischen dem C-for-
migen Querschnitt (390) des mittleren Rohrab-
schnitts und dem kreisférmigen Querschnitt um-
fasst.

Warmetauscherrohr nach einem der Anspriiche 1
bis 3, wobei die Abfolge von peridodischen Waol-
bungsmustern eine Vielzahl von Mikrokanalen er-
zeugt, die eine laminare Stromung bewirken.

Warmetauscherrohr nach einem der Anspriiche 1
bis 4, wobei das Warmetauscherrohr (100) ein
Warmwasserbereiter-Warmetauscherrohr umfasst.

Warmetauscherrohranordnung (110) die Folgendes
umfasst:

ein Paar von Rohrplatten (120); und

eine Vielzahl von Warmetauscherrohren (100)
nach einem der Anspriiche 1 bis 5, die zwischen
dem Paar von Rohrplatten (120) angeordnet
sind;

wobei jedes Rohrende jedes Rohrs mit einer
Rohrplatte (120) mechanisch gekoppelt ist.

Warmetauscherrohranordnung nach Anspruch 6,
wobei das Paar von Rohrplatten eines der Folgen-
den umfasst:

(i) eine Vielzahl von kreisférmigen Lochern, um
einen runden Rohrende-Querschnitt aufzuneh-
men und mechanisch mit diesem gekoppelt zu
sein;

(i) eine Vielzahl von C-férmigen Offnungen, um
einen C-fdrmigen Rohrende-Querschnitt aufzu-
nehmen und mechanisch mit diesem gekoppelt
Zu sein;

(ii) eine Vielzahl von Offnungen, um einen Roh-
rende-Querschnitt in einer Rohrende-Durch-
gangskonfiguration aufzunehmen und mit die-
sem gekoppelt zu sein;

(iv) ein C-férmiges Offnungsverschachtelungs-
muster, wobei zumindest ein Ende der C-formi-
gen Offnungen in einen konkaven Teil einer wei-
teren C-formigen Offnung verschachtelt ist.

Warmetauscherrohranordnung nach Anspruch 6,
wobei die Warmetauscherrohranordnung (110) eine
Warmwasserbereiter-Warmetauscherrohranord-
nung umfasst.

Verfahren zur Herstellung eines C-férmigen Warme-
tauscherrohrs (100) nach einem der Anspriiche 1
bis 8, wobei das Verfahren Folgendes umfasst:

Bereitstellen eines zylindrisch geformten Rohrs;
Positionieren des zylindrisch geformten Rohrs
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in einer Form; und

Ausuben von StéRen auf das zylindrisch ge-
formte Rohr nur auf einer Seite, um das C-for-
mige Warmetauscherrohr (100) zu erzeugen.

10. Verfahren nach Anspruch 9, wobei der Schritt des

Auslibens von StéRen das Ausliben von StéRRen auf
das zylindrisch geformte Rohr auf einer Seite um-
fasst, um das C-formige Warmetauscherrohr (100)
fur einen Warmwasserbereiter zu erzeugen.

Revendications

Tube d’échangeur de chaleur (100) comprenant :

une partie de tube centrale ayant une section
transversale en forme de C (390) ; et

une paire d’extrémités de tube (171) compre-
nant ladite section transversale en forme de C
(390) ou une section transversale différente ;
caractérisé en ce que ladite partie de tube cen-
trale comprend une série de motifs de bossages
périodiques, dans lequel ladite série de motifs
de bossages périodiques comprend une série
alternée de pincement de bossage latéral (153)
et de pincement de bossage médian (163) et
provoque un motif d’écoulement alterné d’un
gaz ou d’'un fluide s’écoulant a travers ledit tube
d’échangeur de chaleur (100) en alternance en-
tre les deux cotés et un milieu de ladite section
transversale en forme de C (390).

Tube d’échangeur de chaleur selon la revendication
1, dans lequel ladite section transversale différente
comprend une section transversale circulaire.

Tube d’échangeur de chaleur selon la revendication
2, comprenant en outre une partie de transition (173)
entre ladite section transversale en forme de C (390)
de ladite partie de tube centrale et ladite section
transversale circulaire.

Tube d’échangeur de chaleur selon I'une quelcon-
que desrevendications 1 a 3, dans lequel ladite série
de motifs de bossages périodiques crée une pluralité
de micro-canaux qui provoquent un écoulement la-
minaire.

Tube d’échangeur de chaleur selon I'une quelcon-
que des revendications 1 a 4, dans lequel ledit tube
d’échangeur de chaleur (100) comprend un tube
d’échangeur de chaleur de chauffage a eau chaude.

Assemblage de tubes d’échangeur de chaleur (110)
comprenant :

une paire de feuilles de tubes (120) ; et

15

20

25

30

35

40

45

50

55

7.

10.

une pluralité de tubes d’échangeur de chaleur
(100) selon l'une quelconque des revendica-
tions 1 a5, disposés entre ladite paire de feuilles
de tubes (120) ;

danslequel chaque extrémité de tube de chaque
tube est couplée mécaniquement a une feuille
tubulaire (120).

Assemblage de tubes d’échangeur de chaleur selon
larevendication 6, dans lequel ladite paire de feuilles
de tubes comprend un parmi :

(i) une pluralité de trous circulaires pour recevoir
et coupler mécaniquement a une section trans-
versale d’extrémité de tube ronde ;

(i) une pluralité d’ouvertures en forme de C pour
accepter et coupler mécaniquement a une sec-
tion transversale d’extrémité de tube en forme
deC;

(iii) une pluralité d’ouvertures pour recevoir et
coupler mécaniquement a une section transver-
sale d’extrémité de tube dans une configuration
de passage d’extrémité de tube ; ou

(iv) un motif emboité d’ouvertures en forme de
C dans lequel au moins une extrémité desdites
ouvertures en forme de C est emboitée dans
une partie concave d’'une autre ouverture en for-
me de C.

Ensemble de tubes d’échangeur de chaleur selon la
revendication 6, dans lequel leditensemble de tubes
d’échangeur de chaleur (110) comprend un ensem-
ble de tubes d’échangeur de chaleur de chauffage
a eau chaude.

Procédé de fabrication d’'un tube d’échangeur de
chaleur en forme de C selon I'une quelconque des
revendications 1 a 8, le procédé comprenant les éta-
pes consistant a :

fournir un tube de forme cylindrique ;

placer ledit tube de forme cylindrique dans une
matrice ; et

frapper ledit tube de forme cylindrique sur un
seul coté pour produire ledit tube d’échangeur
de chaleur en forme de C (100).

Procédé selon la revendication 9, dans lequel ladite
étape consistant a frapper comprend la frappe dudit
tube de forme cylindrique sur un c6té pour produire
ledit tube d’échangeur de chaleur en forme de C
(100) pour un chauffage a eau chaude.
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